Coagulase-negative Staphylococcus (CoNS) species are the bacteria most frequently isolated from blood cultures [1] . They may indicate bacteremia or contamination of the sample [2, 3] . Determining the significance of positive blood cultures can be difficult [4] [5] [6] [7] [8] . Generally, the presence of clinical signs of bacteremia, identification of a possible source of infection, and/or repeated isolation of the same organism is considered to be suggestive of bacteremia [2, 5, [9] [10] [11] . In contrast, the isolation of multiple species from у1 culture ordinarily is considered to signify contamination [2, [9] [10] [11] [12] .
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Despite these guidelines, distinguishing bacteremia remains a challenge. In a recent publication, Seo et al. [8] highlighted the poor correlation between clinical criteria and molecular typing, implying that molecular methods may help clinicians in this dilemma. However, the use of identification of monoclonal CoNS infection to distinguish bacteremia recently has been challenged. For instance, polyclonal populations of these organisms have been recovered from an infected iv catheter [13] . In addition, endocarditis caused by multiple strains or species and catheter-related polyclonal bacteremia have been reported in a few cases [14, 15] . Furthermore, Staphylococcus epidermidis strains from infected joint prostheses were thought to undergo phenotypic and genotypic variation in situ, leading to strain diversity [16] . Finally, genetic variation of S. epidermidis has been demonstrated in a rat model of foreign body-associated infection [17] .
These observations compound the problems associated with distinguishing bacteremia and support the use of antibiotic therapy in cases that otherwise would be identified as sample contamination. Whether polyclonal bacteremia is rare or common but unrecognized and whether genetic variation occurs under conditions other than foreign bodyassociated infection is uncertain. We elected to study CoNS blood isolates to determine the frequency of polyclonal bacteremia and compare strain variation in cases of bacteremia and cases of contamination.
METHODS

St. John Hospital and Medical
Center is a 603-bed primaryand tertiary-care teaching hospital. Blood cultures were monitored prospectively from 1 February 1999 through 31 July 1999. All inpatients who had blood cultures positive for CoNS were identified. All patients for whom the same species was isolated in у2 blood cultures (from separate venipunctures) within a 24-h period were considered for study inclusion, and the culture bottles for these patients were saved. All patients for whom diverse CoNS species were found in the implicated blood culture pair were excluded. The medical records of selected patients were reviewed, and the following information was abstracted: demographic characteristics, underlying conditions, clinical signs and symptoms at the time of blood culture positivity, the presence of a possible source of CoNS bacteremia, and the existence of concurrent infections.
Definitions
Before molecular typing was done, patients were categorized as having bacteremia or contaminated blood samples. Bacteremia was defined by (1) clinical evidence of infection (fever or hypothermia, tachycardia, and/or hypotension), with a possible source, or (2) clinical evidence of infection, without a possible source, in the absence of concurrent infections. Localizing signs and symptoms of soft-tissue, bone, or prosthetic-device infection; infective endocarditis (on the basis of Duke criteria); or intravascular catheters that showed signs of erythema or drainage from the exit site or yielded a positive semiquantitative culture were considered to be sources of infection. Contamination was defined by (1) the absence of clinical evidence of infection or (2) the absence of a source, if existing signs of infection were determined to be the result of a concurrent infection.
Identification and Susceptibility Testing of Organisms
Positive blood culture bottles were plated on trypticase soy agar with 5% sheep blood, and the results were incubated for 24 h at 35ЊC. Nine colonies were randomly selected from each blood culture and saved individually at Ϫ80ЊC until testing. Species identification and susceptibility testing of each isolate were performed with the Vitek Gram-Positive Identification and GramPositive Susceptibility cards (bioMérieux-Vitek). Antibiotic susceptibility profiles were considered to be identical if all MICs were the same or differed within 1 dilution.
Pulsed-Field Gel Electrophoresis
DNA extraction. Frozen colonies were placed on trypticase soy agar plates with 5% sheep blood and allowed to grow overnight at 35ЊC. Single colonies were then inoculated into 5 mL of brain-heart infusion broth and incubated overnight at 35ЊC. Bacterial suspensions were standardized to 20% transmittance using a Vitek colorimeter. One milliliter of each suspension was used to prepare agarose plugs (CHEF genomic DNA plug kit; Bio-Rad Laboratories), according to the instructions of the manufacturer. Restriction endonuclease digestion was done using 40 U of SmaI (Life Technologies), according to the manufacturer's recommendations.
Electrophoresis. Pulsed-field certified agarose gel (1.2%) was prepared with 0.5ϫ TBE (Tris, boric acid, and EDTA). Sample plugs and molecular weight markers were inserted into wells. Electrophoresis was carried out with the CHEF-DRIII (Bio-Rad) under ramped pulse times from 1 to 20 s for 21 h at 6 V/cm, a 120-degree angle, and 14ЊC. Gel was stained in ethidium bromide (0.5 mg/mL) for 30 min and then destained in water. A Chemi-Imager 4000 (Alpha Innotech) was used to photograph and measure the molecular weights of bands.
The restriction patterns of individual colonies from each blood culture were compared. The isolates were considered to be identical if all DNA bands matched. Among colonies with nonmatching banding patterns, banding-pattern similarity was evaluated by construction of a dendrogram using Dendron 3.0 software (Solltech). A similarity coefficient (S D ) was calculated using the Dice formula, , in which a was the S p 2a/(2a ϩ u) D number of common bands and u was the number of unique bands in each banding pattern. Isolates were clustered by the unweighted pair group method of arithmetic averages. Similarity between paired isolates A and B (S AB ) was calculated from the constructed dendrogram, in which S AB ranged from 0 (completely different) to 1 (identical). Results were expressed as the percentage of similarity in banding patterns. Colonies were considered to be of the same strain if S AB was 100%; to be related or closely related variants if S AB was у80% or у90%, respectively; or to be distinct strains if S AB was !80% [18] [19] [20] . Species identification and susceptibility testing were repeated for all colonies with unmatching banding patterns.
Statistical Methods
The significance of difference was assessed by means of the x 2 test for categorical variables and Student's t test or the MannWhitney U test for continuous variables. All tests were performed using SPSS for Windows, release 10 (SPSS). was P ! .05 considered significant.
RESULTS
Twenty-eight patients were reported to have the same species of CoNS in у2 positive blood cultures within 24 h during the 6-month study period. Six patients were excluded because 11 species was isolated from their blood samples. The remaining 22 patients were selected for the study. The mean (‫ע‬SD) age of the group was years (range, 0. (table 2) . Almost all of these variants showed a 1-3-band difference and near-matching banding pattern (87%-92% S AB ) (figure 1), implying close relatedness. The exception was a single colony in 1 of 5 blood cultures (45 colonies) from a single patient (patient B12) that showed a distinct banding pattern (5-band difference and 79% S AB ). Whether this colony represented a contaminant or a true pathogen was uncertain. The sources of infection in blood cultures with variants were an iv catheter (2 patients), prosthetic valve endocarditis (1 patient), and postlaminectomy vertebral osteomyelitis with hardware infection (3 patients).
S. epidermidis exhibited species-related differences in genetic variation in 6 of 31 blood cultures, compared with 0 of 10 cultures in cases involving non-epidermidis species. This difference was not significant ( ; Fisher's exact test), prob-P p .3 ably because of the small number of cases involving non-epidermidis species.
Analysis of the contaminants revealed a single clone in 10 (62.5%) of 16 blood cultures; 2-4 variants in 4 of the 16 cultures; and 2 species, each having a single clone, in the remaining 2 cultures (patient C2; routine testing before molecular typing revealed a single species). These variants exhibited a wide range of banding-pattern similarity (28%-97% S AB ), implying closely related and related variants, distinct strains, and diverse species. An illustrative example involves a patient with monarticular arthritis. Staphylococcus aureus was recovered from a pure culture of joint fluid on several occasions. Two blood cultures performed on admission yielded S. epidermidis; these were considered to be contaminated. Molecular analysis revealed several related variants (patient C4). Another example involves a drug-overdose patient who had no signs of infection (patient C6). Two admission blood cultures yielded CoNS; both isolates were identified as Staphylococcus warneri before molecular analysis was done. Genotyping revealed 3 variants: 1 was confirmed as S. warneri, and the other 2 were not definitively identified by the Vitek system. The number of bands was identical, and the S AB values were 63% and 81%, suggesting intraspecies relatedness [18] [19] [20] . Genotypic variation was significantly more common among the contaminants (table  3) ( ; Mann-Whitney U test). P p .036 Almost all related variants exhibited identical antibiotic susceptibility, with the exception of 1 pair of S. epidermidis isolates (92% S AB ) from a patient with bacteremia, which showed a 16-fold difference in clindamycin and erythromycin MICs.
DISCUSSION
Infection is usually established when a microorganism overcomes host-defense mechanisms. Ordinarily, a single strain becomes invasive, establishes a focus of infection, and, at times, gains access to the bloodstream [21] . Most bacteremias are caused by a single organism, although 6%-21% of all bacteremias are polymicrobial, usually in individuals in certain highrisk categories [22, 23] . CoNS are the organisms most commonly isolated in blood cultures. In keeping with the belief that most infections are monoclonal [21] , blood cultures with multiple CoNS species or strains are usually considered to be contaminated [2, [9] [10] [11] . However, polyclonal CoNS infections and bacteremias have been described [15] [16] [17] .
These reports suggest that blood cultures with mixed CoNS species or strains should not be discarded as contaminated. Moreover, some concerns are raised regarding treatment of CoNS bacteremia with agents other than glycopeptides, because of the possibility that a heterogeneous population of microorganisms with different susceptibility patterns is present. To confound this dilemma, differentiation of bacteremia from contamination is not always precise. Seo et al. [8] examined strainrelatedness among patients who each had 2 blood cultures that were positive for CoNS within a 14-day period. They found poor correlation between clinical criteria and molecular typing.
If one assumes that molecular typing is perfect, then it is reasonable to conclude that clinical criteria are inadequate. These conclusions are based on 2 assumptions, neither of which is certain. The first assumption is that isolation of diverse strains of CoNS in у2 blood cultures always indicates contamination. However, one of these cultures might represent bacteremia. The second assumption is that detection of the same strain in multiple blood cultures always represents bacteremia. However, repeated contamination with the same organism cannot be excluded.
Our findings show that almost all CoNS bacteremias were caused by a single strain. Minor genotypic variation, leading to (1) 2 (92) B2 (S. epidermidis) B (9) B (9) 0 (100)
B9 (S. lugdunensis) I (9) I (9) I (9) 0 (100) I (9) I (9) I (9) B10 (S. epidermidis) J (9) J (9) J (9) 0 (100) J (9) J (9) B11 S. simulans) the generation of closely related variants with nearly matching banding patterns in some or all blood cultures, occurred in a few cases. Either true polyclonal bacteremia was not observed (if we consider the single unrelated colony from patient B12 to be a contaminant), or it accounted for 2.4% of all blood cultures (if we count this colony as a true pathogen). This finding is in keeping with published studies assessing other polyclonal bacteremias. In a report on gram-negative bacteremia, Wendt et al. [24] found polyclonal infection in 0.8% of patients. In addition, Arbeit et al. [25] found 2 strains in 2 of 13 patients with AIDS who had Mycobacterium avium bacteremia.
Our findings also illustrate that molecular typing alone is not always reliable in distinguishing bacteremia. Analysis of the contaminated samples showed that a single clone was the only isolate from both positive blood cultures in one-half of the cases and was found with closely related variants or distinct strains in the remainder. These results should not be surprising, because the source of contamination often is the skin, and the most prevalent strains are likely to be repeatedly isolated.
Whether the related variants were present concurrently on the skin or generated in vitro in the culture bottle is uncertain. A limitation of our study is that distinguishing bacteremia is not precise. Therefore, it is possible that some of our cases were misclassified. However, these cases were thoroughly reviewed. All patients with bacteremia had an obvious focus or clinical characteristics consistent with CoNS infection, such as endocarditis, osteomyelitis, or catheter-related sepsis. In contrast, none of the patients whose samples were judged to be contaminated displayed such features. Furthermore, these cultures were disregarded by the managing physicians: 5 patients did not receive therapy, 1 patient received 2 days of treatment with vancomycin only, and the remaining 2 patients were treated for S. aureus disease.
The factors that led to the generation of variants in only a few cases are uncertain. It is possible that the propensity for genetic evolution might be strain-dependent or related to the focus of infection. For instance, among isolates from infected bone prostheses, in vivo phenotypic and genotypic evolution was suspected [16] . In addition, Van Eldere et al. [17] recently demonstrated genotypic variation in S. epidermidis in a rat model of foreign body-associated infection. Although all cases in our study in which variants were found were associated with a foreign device or an iv catheter, the small number of these cases and the rare occurrence of bacteremia with which no foreign body can be associated preclude meaningful analysis.
On the basis of these observations, it is reasonable to con-clude that diverse strains of CoNS in у2 blood cultures almost always represent contaminants. Furthermore, recovery of the same clone or related variants from multiple blood cultures is not a confirmation of bacteremia [12] . Therefore, bacteremia should be distinguished on the basis of combined clinical and microbiological criteria. For practical considerations, we propose the following recommendations. (1) Nearly all single occurrences of blood cultures positive for CoNS represent contamination; hence, species identification and/or antibiotic susceptibility testing should not be routinely performed in these cases. (2) For cases in which у2 blood cultures are positive, some measures to determine strain-relatedness might be helpful for clinicians. Because molecular typing is not practical, we suggest that species and MIC be determined for each isolate. If different species or organisms of the same species with discrepant MICs are recovered, contamination is likely, and treatment may not be necessary. If identical species and MICs are observed in cases with clinical signs of infection and a probable source of infection (or in the absence of concurrent infection), bacteremia is possible, and treatment should be initiated (or continued, if it already has been initiated), on the basis of MIC results. A caveat to this recommendation is that not all isolates of similar species and with similar MICs are the same. In a previous study that assessed strain-relatedness, we found that 9%-18% of pair isolates of identical species and with identical MICs (depending on the number of drugs tested) were distinct strains [6] . (This circumstance is probably rare in cases involving heterogeneous populations. The possibility of heterogeneity should be considered only if isolates with different susceptibilities are recovered during appropriate therapy in cases in which persistent signs of infection are present.)
In summary, our findings illustrate that almost all blood cultures that yield mixed CoNS species or unrelated strains represent contamination, and true polyclonal bacteremia, if it exists, is rare. In addition, the finding of identical strains in у2 blood cultures is not a confirmation of bacteremia.
